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Task design
imaging ( fMRI) in conditions including the following two: 1) when attention was selectively directed toward one side of a mov-
In each trial, a cue consisting of one or more beeps was presented ing wedge (the attention condition) and 2) when the wedges were accompanied by a gray fixation cross (15.0 cd/m 2 ) at the center viewed passively (the passive condition). Activation in area V1 of the screen. One second after its onset, the test stimulus was was found to be higher in the attention condition than in the passive presented in the passive and attention conditions, while only the condition. To our knowledge, this is the first finding that attention fixation cross remained visible in the fixation-only condition. The to motion activates as early as area V1. We suggest that attentional test stimulus consisted of a black wedge, translating to the right, activation of area V1 is task dependent.
behind a stationary circular aperture. A cue consisting of a single beep instructed the subject to view the test stimulus passively (passive condition) without attending to either edge, while fixating
the gray cross. Two or three beeps instructed the subject to attentively track the left, or right sides of the moving wedge, respecIt has been previously found that cortical cells in primary tively, while maintaining fixation on the cross (the left and right visual cortex (area V1) of macaque monkeys are sensitive to attention conditions). A four-beep cue instructed the subject to the normal component of the motion of contours in moving fixate the cross in the dark background (fixation-only condition) objects (Gizzi et al. 1990 ). Signals for these local motion to measure the baseline activation level in which visual input is minimum while eyes were fixated. Each subject performed four directions are subsequently integrated in the middle temporal al. 1991). Recently, Watanabe has examined effects of attention on the early motion processing and found that attention to a local contour of an object could alter the object's per-Data collection with fMRI ceived direction of motion (Watanabe 1995) . Specifically, when attention was directed to one of the slanted sides of a Local cerebral oxygenation changes were measured with echoplanar imaging using a 1.5 T whole body scanner (Siemens Vision) black wedge translating within a circular aperture (Fig. 1A) , with a CP head coil (Bandettini et al. 1992; Belliveau 1991 attend to local component motion. Furthermore, it raises the 128 1 128, slice thickness Å 5 mm, field of view Å 230 mm, possibility that attention, which presumably originates in number of slices Å 7, measurement interval Å 4.1 s. The test higher cortical areas (Corbetta et al. 1991; La Berge 1995;  stimulus was projected by means of a SONY CRT projector situPosner and Petersen 1990), can influence the activity of V1 ated in a control room, through a window, and onto a white screen neurons when this attention is selectively directed to a local inside the shielded room housing the fMRI machine. To make functional maps, the pixel-by-pixel correlation between a reference motion direction or local contour. However, while attention function (comparing the attention and passive conditions) and the to motion has been found to activate MT in monkey (Treue signal intensity time course for each pixel of the experimental and Maunsell 1996) and the MT/MST (the medial superior data (cross-correlation coefficient) was computed. The reference temporal area) homologue in humans (Culham et al. 1997;  function was a square-wave equal to /1 for one of the attention O'Craven and Savoy 1997), no study with either animal or conditions and 01 for the passive condition (Bandettini et al. 1993;  human subjects has indicated that attention to motion acti- Puetz et al. 1998) . Eye movements were measured throughout the vates area V1. The purpose of this study was to verify the experiment with all the five subjects (Ober2 12 parallel system). hypothesis that attention to a local component motion acti-To reduce artifacts due to head motion, subjects' heads were stabivates area V1 in humans by means of functional magnetic lized with bite-bars, and data were motion corrected using an algorithm (Jiang et al. 1995) 04-01-98 08:00:50 neupa LP-Neurophys dicular to the attended edge as opposed to its overall direction of motion (Fig. 1) . The maps (Fig. 2, A and B ) of one representative subject shows that activities in area V1 are significantly higher in the left (A) and the right (B) attention condition than in the passive condition. The same tendency was found with the other four subjects. The mean time courses averaged across four series and over five subjects in Fig. 3 indicate that magnetic resonance (MR) signals in the attention conditions are significantly higher than in the passive and fixation-only conditions. The difference in amount of MR signals between the passive and fixation-only conditions is regarded as the activation caused by a mere presence of the test stimulus.
D I S C U S S I O N
Selective attention to a single line orientation has previously been found to enhance V1 cell activity in a monkey (Motter 1993) . However, the activity we have found in area V1 when attention was directed to local component motion is noteworthy for another reason. To our knowledge, this is the first finding in humans of enhanced V1 activity produced by selective attention to motion.
We considered the question of whether the activation increase in the area V1 would also be observed with a stationary stimulus. Brain activity was measured with a stimulus in which a stationary wedge was presented at the right, left, or center of the aperture while the subject gazed at a central fixation point. Here we found the activity of area V1 to be as low as in the passive condition. This confirmed that the activation in area V1 found in the main experiment was the all the subjects. Thus these activations could be regarded as When attention was directed to one of the edges of the wedge, the whole wedge appeared to move perpendicularly to the attended edge.
noises.
The experiment was not designed to measure the activity of the MT/MST human homolog. Thus the activities in only Psychophysical experiment a portion of the area were measured in each subject. In five To confirm that the wedge is perceived to move in a direction of the six subjects, the regions corresponding to the MT/ perpendicular to the attended edge (Watanabe 1995) , the subjects' MST homologues were bilaterally more activated in both behavioral data were collected in the left and right attention condi-attention conditions than in the passive condition.
tions and the passive condition. The procedure was similar to that It is noticeable that four of the five subjects showed that of the f MRI experiments except for the following. 1) After the activity on the side of V1 contralateral to the attended side offset of the test stimulus, an arrow was presented. The subjects of the wedge was more extensive than the side ipsilateral were instructed to adjust the direction of the arrow to the perceived to attention ( Fig. 2 ) . The remaining one subject did not motion direction of the wedge.
2) The test stimulus was presented show such a lateralization. We have considered the possion a color video display (Apple M0401, 640 1 480 pixel resolution, 35 kHz in horizontal and 66.7 Hz in vertical scanning frequen-bility that small eye movements could account for the acticies) controlled by a Macintosh IIci.
vation pattern seen if the subjects shifted their eyes predominantly or exclusively in the direction of the attended edge when the edge was very close to the center of gaze.
R E S U L T S
However, this is not likely for the following reasons. First, although small pursuit movements were observed in the The results of the psychophysical experiment show that when attention was directed to one of the slanted sides of a passive and the attention conditions, no significant difference was found in the amplitude or pattern of the moveblack wedge translating within a circular aperture, the subjects perceived the wedge move in a direction almost perpen-ment among these conditions. Second, the eye movements J668-7RC / 9k27$$ap50 04-01-98 08:00:50 neupa LP-Neurophys FIG . 2. Functional maps of a representative subject were superimposed on a T1 image of the posterior part of the brain of the subject. The maps of 2 representative slices at 5 mm ( middle) and 10 mm (bottom) above the AC-PC line are shown. Those on the left or right are the results of the comparisons between the left attention and passive conditions or between the right attention and passive conditions, respectively. The activations in area V1 are indicated by surrounding white frames. Area V1 was functionally located (Engel et al. 1994; Sereno et al. 1994) . L and R, left and right sides of the brain, respectively. Posterior portions are shown at the bottom of the figure. occurred irrespective of whether a side of the wedge was of 15Њ/s in a white background (32 cd/m 2 ) within a black square frame (10 1 10Њ). In an attention condition, subjects close to the center of gaze or not. Thus they did not occur predominantly or exclusively when the edge was close to attentionally pursued only one of them while gazing at the fixation cross presented in the center of the display. Only the center of gaze. Third, basically the same activation patterns were obtained with the five subjects when the the bilateral regions homologous to MT/MST, but not area V1, showed a significant difference in activity between the wedge was white in a white aperture.
attention and passive conditions. The difference in results The activation of the side contralateral to attention would between attention to local component motion and attention be obtained if the activation occurred with respect to the to a moving object as a whole, suggests that the area actiaxis of an attended object. However, the side ipsilateral to vated by attention depends on the aspect of motion (i.e., local attention was also found to be activated, although it was less extensive than the contralateral side. In addition, the results component motion vs. object motion) to which attention is directed. of one subject did not show this tendency. Thus more systematic study is necessary to draw any conclusion about the The results of the experiment using a moving wedge do cause of the lateralization. not themselves rule out the possibility that the observed modulation is due to different levels of arousal between the Does attention to motion always activate area V1? Using five subjects, we also tested the case in which attention was passive and attention conditions. However, in the experiment using bouncing disks the arousal difference that should be directed to a moving object as a whole. Ten black disks (0.5 cd/m 2 ), 0.5Њ in radius, were presented bouncing at the speed the same or similar to that in the wedge experiment did not J668-7RC / 9k27$$ap50 04-01-98 08:00:50 neupa LP-Neurophys
